The separation and concentration processes of heavy rare-earth metals-yttrium, ytterbium, erbium, and dysprosium-during stripping from the organic phase based on di-2-ethylhexylphosphoric acid (D2EHPA, or DEHPA) solutions were investigated in this work. Optimal conditions providing high separation factors of rare-earth metals (REM) and their extraction degree to the aqueous phase were determined. The usage of sulfuric acid solutions with a concentration of 2-6 mol/L, depending on the type of extracted rare-earth element, was proposed as a stripping agent for rare-earth metals (REM), and the usage of oxalic acid solution was proposed as an iron stripping solution from the organic phase. To increase the REM stripping efficiency, the antagonistic effect of tributyl phosphate in the di-2-ethylhexylphosphoric acid-kerosene-tributyl phosphate system was considered. The possibility of increasing the capacity of the organic solvent by cleaning the organic phase from iron ions using oxalic acid solutions was revealed. The influence of temperature, aqueous and organic phase ratio, stirring rate, and re-extractant concentration on the distribution and separation factors of adjacent heavy rare-earth-metal (HREM) pairs during the re-extraction process were determined. A schematic diagram of the laboratory-tested separation process of heavy rare-earth metals into individual components with the obtaining of yttrium and ytterbium concentrates containing more than 99% of the target components was proposed.
Introduction
Apatite ore of the Khibiny deposit of the Murmansk region contains about 1% rare-earth metals (REM), with a predominant content of medium and heavy rare-earth groups. During the production of phosphate fertilizers by apatite treatment with sulfuric acid, a part of the REM is leached into wet-process phosphoric acid (WPA) [1] . This solution does not require any preliminary treatment (mixing, dissolving, and enrichment), which ensures its potential economic advantages [2] . Furthermore, unlike most phosphorus-containing ores, apatite of the Khibiny deposit does not contain radioactive isotopes of uranium and thorium.
Due to the similarity of chemical properties of yttrium and heavy rare-earth metals, their separation is a complex analytical and technological task. Processes of separation, concentration, and refining of REM are due to the different strengths of the resulting complexes of rare-earth metals with di-2-ethylhexylphosphoric acid (D2EHPA). The larger the charge and the smaller the REM ion radius, the stronger the organic compound with rare-earth metals [3] .
Extraction methods are widely used to recover individual compounds of rare-earth metals. Rare-earth metals can be extracted by one of three main mechanisms: In the form of solvated salts, chelates with acidic extractants, or ionic couples.
The recovery of rare-earth metals from the products of apatite concentrate processing is conducted from strongly acidic nitrate-phosphate or phosphate-sulphate media, which determines the utilization of mainly acidic organophosphorus and neutral extractants [4] [5] [6] .
Tributyl phosphate (TBP), Cyanex 272, Cyanex 302, Cyanex 923, di-2-ethylhexylphosphoric acid (DEHPA), dibutylphosphoric acid (DBPA), and diamylphosphoric acid (DAPA) are used as organophosphorus extractants in phosphoric acid systems [7] [8] [9] [10] .
A classic example of extraction by the mechanism of the formation of chelate complexes with acidic extractants is the extraction by di-2-ethylhexylphosphoric acid, which forms strong complex compounds with rare earths. This feature makes it possible to efficiently carry out extraction-chromatographic separation of rare-earth metals and use mineral inorganic acids-HCl, HNO3, etc.-as the mobile phase, without using complexing eluents.
On the other hand, the complex salt composition of industrial phosphoric acid solutions with a pH value of less than 1 and the extremely low concentration of rare-earth metals, especially the heavy group, with respect to impurity components, complicate the process of the separation of rare-earth metals and cause a low capacity of the extractant for individual rare-earth compounds. Particularly noteworthy is the favorable extraction of iron ions (3+) from phosphoric acid solutions with D2EHPA solutions, which, by analogy with REM, form strong chelate complexes [11, 12] .
Disrupting iron ion (3+) chelate complexes requires the use of concentrated mineral acids, their mixtures, or certain salt solutions with higher displacement capabilities [12] .
With the co-extraction of REM during the utilization of concentrated mineral acids, a low efficiency or purification degree of the organic phase from impurities, including iron, are significant drawbacks of acid elution methods [11] .
Purification of an organic solution of D2EHPA from iron cations (3+) using different reagents was investigated in [13, 14] . The authors determined that the effective extraction of iron-about 75%-from the organic phase occurs when using a buffer solution of oxalic acid and ammonium oxalate as a stripping agent.
Akhlaghi et al. investigated the effect of TBP on the iron stripping process and found that an increase in the concentration of the tributyl phosphate in D2EHPA of 2-6% leads to an increase in the degree of iron stripping from the organic phase [13] .
An investigation of the extraction efficiency by different mixtures of organophosphorus acid extractants:
Di-(2-ethylhexyl) phosphoric acid-P204, 2-ethylhexyl phosphoric acid mono-2-ethylhexyl ester-P507, di-(2-ethylhexyl) phosphinic acid-P227, and bis (2,4,4-trimethylpentyl) phosphinic acid-Cyanex272, C272, from the chloride medium was carried out by Liu et al. [15] . The authors investigated the extraction and stripping ability of mixtures, their extraction capacity, the equilibrium time, and the separation factors of heavy rare-earth metals. It was revealed that the mixture of P507 and P227 is the most effective among the six mixed systems. This system is characterized by a low stripping acidity, higher load capacity, shorter equilibrium time, and high separation factors of adjacent HREM-yttrium (Y), erbium (Er), thulium (Tm), ytterbium (Yb), and lutetium (Lu).
In [16] , Wei et al. investigated the extraction of trivalent rare-earth metals by heptylaminomethyl phosphonic acid 2-ethylhexyl ester (HEHHAP). This extractant showed good performance during extraction from low-acidity mediums, but with an increase in acidity, its effectiveness decreased significantly. Therefore, the considered extractant cannot be used for the effective extraction of rare-earth metals from WPA.
The extraction of rare-earth metals from industrial solutions of acids obtained by processing secondary sources, such as mining waste, was investigated by Tunsu et al. [17] . During this research, extraction from different mineral acids was carried out using solvating (Cyanex 923, TODGA) and acidic (DEHPA, Cyanex 572) extractants. Authors note that the use of acidic extractants for REM recovery from acidic media has significant advantages such as a better selectivity and mineral acid range, while solvating extractants give satisfactory results only during extraction from nitric acid. In addition, it is reported that the co-extraction of iron significantly reduces the extraction efficiency. This drawback can be mitigated by several methods: Extraction at non-equilibrium conditions, extraction by a DEHPA and Cyanex 923 mixture-which also leads to a better REM extraction efficiency-and by using nitric acid or diluted hydrochloric acid at the stripping stage.
The co-extraction of neodymium (Nd), boron (B), cobalt (Co), and iron (Fe) by solutions of DEHPA from citric acid and acetic acid leachate was addressed by Gergoric et al. in [18] . It was found that less than 1% of B and Co were extracted from leachates by 0.2-1 mol/L DEHPA solutions. The highest separation factor of the Fe/Nd pair of about 161.9 was achieved at 0.2 mol/L acetic acid extraction with 1 mol/L DEHPA,
In [19] , Heres et al. considered a wide range of ion-exchange resins for the extraction of rare-earth metals from phosphoric acid solutions. Considered resins are capable of providing a high extraction efficiency, but significant impurity recovery degrees, as well as low separation factors, make it unacceptable for the current task.
In the technology of rare-earth metals, the choice of extraction systems is determined by the value of the separation factor. With a separation factor value of 1.6-3.5 for the nearest pairs of elements, it is possible to perform an extraction process organized according to a multiple-stage scheme.
The aim of this work is to determine the factors affecting the concentration and separation processes of heavy-group rare-earth metals and to establish the composition of D2EHPA-based extraction systems with the aim of increasing the capacity of the organic phase with respect to rare-earth metals and the degree of purification from iron impurities. Herewith, it is necessary to ensure a minimum change in the composition of the initial industrial phosphoric acid solution, as it will be directed to the production of phosphoric fertilizers.
Materials and Methods
Phosphoric acid solutions were obtained from PJSC PhosAgro (Balakovo Branch of Apatit, Saratov Region, Balakovo District, Russian) as a product of apatite processing. The composition of industrial phosphoric acid solutions obtained during the sulphuric acid leaching of phosphate ores-WPA-is shown in Tables 1 and 2. Simulated solutions containing 4.5 mol/L H3PO4 (prepared by dilution from concentrated chemical pure grade phosphoric acid, obtained from OOO Komponent-Reaktiv, Moscow, Russian) and 0.19 mol/L H2SO4 were used as an analogue of the industrial wet-process phosphoric acid-WPA-acidic system. We used organic phases based on mixtures of di-2-ethylhexylphosphoric acid produced by "Acros Organics" (obtained from ZAO Acrus, Moscow, Russian), with a D2EHPA concentration of at least 95%, with inert diluent "pure" grade kerosene with a mass fraction of saturated hydrocarbons of at least 95%, and tributyl phosphate, produced by "Acros Organics" (obtained from ZAO Acrus, Moscow, Russia),with a 99% TBP content.
Solutions of sulphuric and oxalic acids were obtained by diluting concentrated (94%) sulphuric acid and dissolving "chemically pure" grade oxalic acid in an appropriate volume of water, used as a stripping agent.
The experimental research of REM stripping was carried out in two different types of reactors. The HEL Group AutoLAB chemical reactor (HEL Ltd, Borehamwood, UK) equipped with a submersible stirrer, was used to treat the mixture of water and organic phases with a total volume of up to 1 L, and the HEL Group Automate Parallel Chemistry reactor (HEL Ltd, Borehamwood, UK), equipped with a magnetic stirrer, was used for carrying multiple extraction experiments under mixtures of water and organic phases with a total volume of up to 0.2 L. Both reactors are suitable for controlling the following process parameters: Temperature, phase contact period, stirring rate, and system acidity level.
Quantitative analysis of the organic and aqueous phase samples was carried out using a spectrophotometric method with Arsenazo (III) and a PANalytical Epsilon 3 X-ray fluorescence energy-dispersive spectrometer (obtained from OOO KD Sistemy i Oborudovaniye, St. Petersburg, Russian) with a sensitivity threshold of 10 −4 mol/L and a measurement error of less than 5%. To ensure the reliability of the obtained results, the samples were measured several times.
Results

Stripping Agent Concentration Effect on Separation Factors of REM Heavy Group
The study was undertaken using solutions with a D2EHPA volume fraction of 0.3 diluted with kerosene, obtained after extraction of a collective mixture or individual REM from the simulated solution, similar to WPA in the phosphoric and sulphuric acid composition.
Disrupting the organic extractant complex with REM ions and, accordingly, their isolation from the organic phase into stripped solution is ensured by the use of high-concentration mineral acids. Sulphuric acid is an optimal stripping agent as it is already used as a leaching agent for apatite concentrate; moreover, sulphuric acid is also an affordable and relatively inexpensive reagent.
The organic phase, containing a certain amount of individual REM, was treated in a Parallel Automated H.E.L. reactor (HEL Ltd, Borehamwood, UK) under a temperature of 295 K, stirring rate of 450 min -1 , aqueous-to-organic phase ratio of 2:1, and five minutes of phase contact period, which exceeds the time to reach equilibrium, which was about 2-3 min. The initial (С0(Ln)org) and equilibrium (С∞(Ln)) concentrations of erbium, yttrium, dysprosium, and ytterbium and the stripping degree (Е, %) are shown in Tables 3 and 4 . Naturally, with the increase in sulphuric acid concentration, the extraction degree of REM from the organic phase to the stripped solution increases. However, due to the different stability of rare-earth-metal solvate complexes with D2EHPA using sulphuric acid of the same composition, different values of the individual rare-earth-metal extraction degree are observed, which are proportional to the distribution coefficients of REM during stripping ( Table 5 ). The lowest distribution coefficients between the aqueous and organic phases are observed for ytterbium, which is most efficiently extracted from phosphoric acid solutions and forms more stable complexes with D2EHPA [11, 15] . For example, using a 50% solution of D2EHPA in kerosene with an aqueous-to-organic phase ratio Vaq/Vorg = 10, the extraction degree average values after 10 stages of extraction are 3% for yttrium (Y), 5% for erbium (Er), 1% for dysprosium (Dy), and 45% for ytterbium (Yb).
Therefore, a decrease in the extraction degree of rare-earth metals into the aqueous phase in the series dysprosium (Dy) > yttrium (Y) > erbium (Er) > ytterbium (Yb) causes different stabilities of the rare-earth-metal solvate complexes with D2EHPA in the organic phase, which may be the reason for the effective separation of rare-earth metals at the stripping stage. The values of the separation factors (β) of individual REM are shown in Table 6 . According to the experimental data obtained, the separation of dysprosium/erbium and dysprosium/ytterbium pairs is the most effective in the stripping stage. A comparison of the obtained separation factors with previously published data [3, 14, 15] is given in Table 7 . The lowest separation factors were obtained for erbium and yttrium; however, given the quantitative advantage of yttrium in WPA solutions relative to erbium, it is possible to obtain yttrium concentrate with a high content of the target component.
Thus, for the effective separation of heavy REM and their maximum concentration at the stripping stage, it is advisable to use sulphuric acid solutions with an H2SO4 content higher than 4 mol/L.
Effect of Phase Stirring Rate on Heavy Group of REM Stripping Efficiency
The influence of the phase stirring rate on the quantitative indicators of stripping was studied using a simulated phosphoric acid solution with a D2EHPA volume fraction of 0.3 diluted with kerosene, and the content of individual rare-earth metals was as follows: ytterbium (Yb), yttrium (Y), and erbium (Er) with organic-to-aqueous phase ratio equal to ten, phase contact time of five minutes, and concentration of stripping agent C(H2SO4) = 6 mol/L.
Experimental results are shown in Table 8 and Figure 1 , which show the dependence of the extraction degree of metals into the aqueous phase on the phase stirring rate. According to obtained dependence, the maximum degree of stripping is observed at 450 min −1 , and further increases in the stirring rate is inadvisable. The optimal mode of the stripping process, as well as the extracting process, is determined by the nature of limiting stages, among which mass transfer is related to stirring conditions. At sufficiently high mixing speeds (above 450 min −1 ) in the systems under study, the chemical stage associated with the destruction of the strong solvate complexes of rare-earth metals with D2EHPA and the formation of acidic complexes of REM in aqueous solutions can become a limiting one.
The increase in the distribution coefficients of all REM with an increase in stirring rate up to 450 min −1 is explained by the increase in the interface surface due to the decrease in the heterogeneous phase droplet average size and, consequently, the increase in the mass transfer rate.
With further increases in the stirring rate, the dispersed phase droplet size decreases, resulting in a reduction in liquid circulation within the droplet. The droplets become hard spheres, which leads to a decrease in the mass transfer coefficient as a result of the relatively slow molecular diffusion process at stirring rates above 450 min −1 .
Temperature Effect on the REM Stripping Degree
The temperature effect on the stripping degree of yttrium, ytterbium, and erbium from the organic phase was studied with a phase volumes ratio of 1:1, a phase contact time of 5 min, and a stirring rate of 450 min −1 by a solution of sulphuric acid with a concentration of 3 mol/L. According to the results presented in Figure 2 , an increase in temperature from 25 to 60 °С leads to an increase in the yttrium extraction degree by more than two times, and erbium and ytterbium by more than five. With increasing temperature, the solubility of lanthanide sulphates in the aqueous phase increase, and the viscosity of the organic phase decreases, which affects the change in the distribution constant of stripped rare-earth metals and leads to an increase in the extraction degree of REM from the organic phase. An opposite effect of the decrease in the REM extraction degree with the increase in temperature was observed during the extraction using D2EHPA.
Effect of Phase Ratio on Heavy Group of REM Stripping Efficiency
The phase ratio effect on the ytterbium (Yb), yttrium (Y), and erbium (Er) stripping process was studied using a solution of D2EHPA with a volume fraction of 0.3 diluted with kerosene under the following conditions: Sulphuric acid concentration of 6 mol/L, stirring rate of 450 min −1 , and phase contact time of 5 min. Experimental results are presented in Table 9 and Figure 3 . It was found that at a Vaq/Vorg phase ratio above 0.2, the stripping degree of yttrium and erbium is more than 90%, while with the increase in the volume of the organic phase, a decrease in the distribution coefficients of REM into the organic phase is observed. Obviously, an increase in aqueous phase volume leads to an extraction equilibrium shift to the reaction products side, or rather, to the REM stripping side by sulphuric acid.
The highest quantitative indicators of the stripping process by sulphuric acid with a concentration of 6 mol/L was achieved with a phase ratio of 1/10 and 1/20 and a stirring speed of 450 rpm.
Effect of Neutral Extractant Addition on REM Stripping from D2EHPA-Based Organic Phase
To identify the antagonistic or antisynergetic effect of the process of REM stripping from the organic phase, a neutral extractant tributyl phosphate was added to the D2EHPA solution (in the absence of kerosene) saturated with ytterbium to obtain TBP solutions with volume fractions of 4%, 6%, 10%, and 20%.
Stripping was carried out by sulphuric acid at a concentration of 6 mol/L during five minutes under a stirring rate of 450 min −1 and phase ratio of 1:1. Experimental results are presented in Table  10 and Figure 4 . According to the obtained experimental data, with an increase in TBP volume fraction, the degree of ytterbium stripping degree increases up to 96-98%.
It is unlikely that when salt-forming and neutral extractants are used in the organic phase, the solvate-bounded molecules of one extractant are substituted by the molecules of another. In this case, D2EHPA molecules would be isolated from solvate complexes, which is a more effective extractant for REM in comparison with TBP. The reason cannot be the displacement of solvate-bound water by neutral extractant molecules, which would increase the extractability of rare-earth metal complexes.
The antagonistic effect is more likely attributed to intermolecular interactions between organic extractants, leading to the formation of molecular compounds of the n·(D2EHPA)·TBP composition, the formation of which is accompanied by the release of inorganic acid complexes of rare-earth metals to the aqueous phase.
REM Purification, Concentration, and Separation into Individual Components During Stripping Stage
REM stripping from the organic phase, obtained during the processing of technological WPA by a solution of D2EHPA diluted with kerosene (1:1), containing 62.78% of iron (Fe), 28.19% of yttrium (Y), 3.5% of erbium (Er), and 5.53% of ytterbium (Yb), was carried out in several stages. In the first stage, an extract enriched with iron cations (3+) was treated with a solution of oxalic acid at a concentration of 0.37 mol/L for 15 min at a volume ratio of the organic and aqueous phases of 1:4 and a stirring rate of 450 min −1 .
To extract yttrium from the organic phase, sulphuric acid with a concentration of 2.5-4 mol/L was added to the extract, purified from iron. The choice of sulphuric acid concentration was to ensure conditions that prevent the ytterbium stripping. To achieve the most complete yttrium extraction degree, the stripped solution was processed in 14 stages. Control of the organic phase for the yttrium content was carried out throughout all stages of stripping.
Further, in order to increase the ytterbium stripping degree, TBP was added into the organic phase until it reached a volume fraction of 0.2. In order to ensure a high ytterbium stripping degree, a sulphuric acid solution with a concentration of 6 mol/L under an organic-to-aqueous phase ratio of 4:1 was used. The obtained mixture of phases was stirred for five minutes under a stirring rate of 450 min −1 . The total stripping stages of iron ions (3+) and REM was 22. The technological parameters of the experiment, the characteristics of the stripping agent, and the initial and final concentrations of the components in the organic phase, expressed in mmol/L, are presented in Table 11 . Table 11 . Technological parameters of experiment and characteristics of re-extractants used. The dependence of the stripping degree of the target components and iron (3+) on the number of stripping stages is presented in Figure 5 . As the experiment shows, in five cycles of stripping with oxalic acid, the iron stripping degree of 96% and the use of sulphuric acid with a concentration from 2.5 to 6 mol/L ensure the complete recovery of yttrium, erbium, and ytterbium.
Stripping Stage Number
Stripping Agent, mmol/L Vaq/Vorg t, min Со(Fe) C∞(Fe) Со(Y) C∞(Y) Со(Er) C∞(Er) Со(Yb)C∞(Yb)
To determine the effect of iron (3+) on the capacity of D2EHPA with respect to REM, the process of extracting iron (3+) from the organic phase with an oxalic acid solution was studied. During these tests, iron stripping was performed immediately after each stage of REM extraction from WPA.
Iron ion stripping was carried out at a phase ratio of Vaq:Vorg = 1:4, and stirring speed of 450 min −1 for 10 min by oxalic acid solutions at a concentration of 0.37 mol/L. Study results are presented in Table 12 . The results obtained show that the treatment of extracts with oxalic acid solutions leads to the effective purification of the organic phase from iron ions (3+) ( Table 11 ; 15 stages of extraction and 15 stage of stripping) and allows the degree of iron (3+) recovery to the aqueous phase of up to 99% to be acquired. At the same time, the use of oxalic acid after each stage of extraction leads to an increase in the capacity of the extractant for the heavy group of REM by 2-2.5 times due to the removal of iron (3+), which will allow the concentration of REM in the organic phase.
The technological scheme of concentration and separation of the heavy group of REM with their individual carbonate recovery is presented in Figure 6 . Ytterbium extract, obtained from technological WPA by the extraction using a solution of D2EHPA with a volume fraction of 0.3 diluted with kerosene, contains a significant amount of impurities (Table 13 ). Therefore, the obtained extract is purified from the iron and titanium impurities by the oxalic acid solutions with a concentration of 0.37 mol/L. The purified extract is treated with sulphuric acid solutions with a concentration of 2-4 mol/L for Y and Er stripping, and 6 mol/L for Yb stripping. Obtaining carbonates of individual REM compounds (in other words, a compounds containing a predominant amount of one rare earth metal) involve the standard operation of precipitation with sodium carbonate and washing the resulting precipitate. The obtained ytterbium extract with the sum of Y, Er, and Dy in the second stage of extraction is also sent for purification from impurities. Separation of rare-earth metals on the stripping stage is carried out using sulphuric acid solutions with a concentration of 1-4.5 mol/L to obtain two stripped solutions containing both an individual dysprosium compound and a mixture of two metals-yttrium and erbium, the further separation of which involves the use of a countercurrent multi-stage process.
The results of spectral analysis of the concentrates obtained after precipitation with sodium carbonate according to the separation scheme developed in this work are presented in According to the measured spectrum (Figure 7) , yttrium concentrate contains up to 95% of Y and about 5% of Er and Dy. As impurities, calcium is found with a content of several ppm.
The concentrate of ytterbium carbonate ( Figure 6 ), obtained from WPA solutions, contains up to 83% of Yb, about 15% of Y, and about 2% of Er and Dy, while the Ca content does not exceed several ppm.
Conclusions
The factors affecting the concentration and separation of heavy REM: Yttrium, ytterbium, erbium, and dysprosium, during their re-extraction from the D2EHPA-based organic phase by sulphuric acid solutions, was determined in this work.
The concentration effect of the H2SO4 stripping agent on the distribution, concentration, and separation of Yb, Er, Y, and Dy was determined. An increase in the content of sulphuric acid increases the stripping degree of each individual REM from the organic phase. The maximum concentration of REM at the stripping stage is achieved by using Н2SO4 solution with a concentration of 4-6 mol/L. Separation factors of rare-earth metals and yttrium reach the following values: Yb/Er = 12, Y/Dy = 9, Er/Y = 2.7, Dy/Yb = 160, Y/Yb = 15, and Dy/Er = 18.
The antagonistic effect of using an additional neutral extractant tributyl phosphate in the organic phase based on D2EHPA on the REM stripping process was revealed. The addition of TBP in an amount of 20 vol.% led to an increase in the ytterbium extraction degree into the aqueous phase from 60 to 97%, which is obviously due to the formation of organic molecular compounds of the composition n·(D2EHPA)·TBP and the preferred transition of inorganic rare-earth acid complexes to the aqueous phase.
The effect of the aqueous and organic phase ratio on the extraction degree of REM was established. With an increase in the aqueous phase volume, and a Vaq/Vorg ratio above 0.2, the stripping degree for yttrium and erbium increases to 90%, which is explained by the extraction-stripping equilibrium shift in accordance with the law of mass action.
An increase in temperature leads to an increase in the REM extraction degree into the aqueous phase due to an increase in the solubility of lanthanide sulphates in the aqueous phase and a decrease in the viscosity of the organic phase.
The choice of the optimal stirring speed of 450 min −1 was determined by the achievement of the maximum values of the REM distribution coefficients into the aqueous phase during the stripping process due to a decrease in the average droplet size of heterogeneous phases and, as a consequence, an increase in the interface surface.
Due to the introduction of an additional stage of purification of the organic phase from iron (3+) with a solution of H2C2O4, it was possible to increase the capacity of the extractant for heavy rare-earth metals by 2-2.5 times and reduce the iron content in the organic phase to 0.9%.
Based on the experimental results, a basic scheme for the separation of rare-earth metals into individual components during WPA processing was proposed, the testing of which made it possible to obtain concentrates of yttrium and ytterbium carbonates with a content of several ppm of impurity components. The developed technical solution can be implemented in an existing cycle of processing apatite concentrates. This development takes into account the shortcomings of existing solutions (listed in Table 14 ), in particular: It increases the selectivity, does not affect the main technological process, allows the depth of mineral raw material processing to be increased, and reduces the shortage of production of strategic resources. 
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